Employing Bacillus cereus strain 2, we examined the fate of two chromosomes contained in vegetative cells in the course of sporulation. Cytological observations and quantitative estimation of deoxyribonucleic acid (DNA) confirmed the earlier observations that, during the course of sporulation, one of two chromosomes of the vegetative cell was incorporated into the sporangium and the other disappeared into the medium as the result of cell lysis. Log-phase cells, labeled completely with thymine-2-'4C in the presence of deoxyadenosine, were cultured in the "cold" glucoseglutamate-glycine-salts medium, and culture samples, taken at intervals at successive generations, were subjected to sporulation in glutamate-salts medium. The percentage of radioactivity in the spores separated from each culture remained almost unchanged at nearly 50% and was independent of the number of generations of the preceding culture in the "cold" medium. This suggests that the selective incorporation into the sporangium of either the "older" or "younger" chromosome of a vegetative cell does not occur in the course of spore formation. Some examples of the selective and nonselective behavior of DNA molecules in cellular events in microorganisms are cited.
Employing Bacillus cereus strain 2, we examined the fate of two chromosomes contained in vegetative cells in the course of sporulation. Cytological observations and quantitative estimation of deoxyribonucleic acid (DNA) confirmed the earlier observations that, during the course of sporulation, one of two chromosomes of the vegetative cell was incorporated into the sporangium and the other disappeared into the medium as the result of cell lysis. Log-phase cells, labeled completely with thymine-2-'4C in the presence of deoxyadenosine, were cultured in the "cold" glucoseglutamate-glycine-salts medium, and culture samples, taken at intervals at successive generations, were subjected to sporulation in glutamate-salts medium. The percentage of radioactivity in the spores separated from each culture remained almost unchanged at nearly 50% and was independent of the number of generations of the preceding culture in the "cold" medium. This suggests that the selective incorporation into the sporangium of either the "older" or "younger" chromosome of a vegetative cell does not occur in the course of spore formation. Some examples of the selective and nonselective behavior of DNA molecules in cellular events in microorganisms are cited.
A deoxyribonucleic acid (DNA) molecule in a chromosome [the term "chromosome" is hereafter used as a synonym of the "chromatin body" of Robinow (14) ] of a bacterial cell consists of a hybrid of a template DNA strand inherited from the mother cell and a fresh DNA strand newly replicated in the cell. Provided that DNA of the bacterial cells replicates semiconservatively, as stated by Meselson and Stahl (12) , some fraction of chromosomes in the progeny has the "older" DNA strands and the other has the "younger" ones according to the time of their replication in the preceding generations. In the following description, a chromosome that has a hybrid of the older and the fresh DNA strands will be denoted as the "older" chromosome and that having a hybrid of the younger and the fresh ones, as the "younger" chromosome. A growing bacterial cell usually contains two chromosomes at the postdivision stage. In general, two chromosomes of the same age (in the sense noted above) do not coexist in a single bacterial cell, but the younger and the older ones do (see Fig. 5 ).
In the differentiation of cells in general, the involvement of a selective mechanism of such chromosomes (or DNA strands) of different ages in the formation of differentiated cells may be considered. The possibility ofsuch a mechanism operating in the sporulation of Bacillus cereus was examined in the present investigation. It has been suggested by several workers (9, 19 ) that, in this organism, one of the two chromosomes present in a vegetative cell is enclosed in the endospore and the other is liberated in the medium in the course of sporulation. Therefore, if one of the two chromosomes can be labeled with a radioactive precursor, it might be possible to follow the fate of the labeled chromosomes during sporulation. The present experiments were designed according to this principle, and the results showed that no selective mechanism of the older and younger chromosomes was involved in the course of sporulation, but that these chromosomes were incorporated into the endospore in a random fashion.
KOGOMA AND YANAGITA cells of this organism showed the typical binucleate form at the postdivision stage in the cell cycle, and they were able to sporulate even in the log phase when subjected to sporulation by the replacement culture technique (8) . The organism was cultured, unless otherwise noted, in the glucose-glutamate-glycinesalts (GGGS) medium of Buono, Testa, and Lundgren (2) Labeling ofDNA with thymine-14C. The prototrophic strain of B. cereus could be labeled with 0.2 uc (per ml) of thymine-2-14C (Daiichi Pure Chemicals Co. Ltd., Tokyo, Japan; specific activity, 24 mc/mmole) in the presence of 250 pg of deoxyadenosine (per ml) in GGGS medium (see below). Samples for the radioactivity measurement were prepared by the paper disc method of Mizuno et al. (13) , and the radioactivity was measured with a windowless gas-flow counter (Tracerlab, Waltham, Mass.) and an Aloka automatic thin-window gas-flow counter (Nippon Musen Co., Tokyo, Japan).
Fractionation and estimation of nucleic acid. The labeled cells were treated for 30 min with cold 5% trichloroacetic acid and centrifuged at 0 C for 15 min at 1,000 X g. The precipitate was dissolved in 2 N NH40H and used as the DNA fraction for the radioactivity measurement. When further fractionation was needed, the Schmidt-Thannhauser-Schneider procedure (18) was observed by the use of a Zeiss bright-field, phasecontrast microscope. Giemsa staining was employed for the observation of morphological changes in the chromosomes during sporulation. Cells spread on a glass slide were fixed in 2% osmium tetroxide vapor for 2 min; the slides were rinsed for 3 min in 1 N hydrochloric acid at 60 C. After two washings with 0.1 M phosphate buffer (pH 7.0), the sample was stained at 37 C for 30 min with a Giemsa solution (E. Merck AG, Darmstadt, Germany; diluted 10-fold with 0.1 M phosphate buffer, pH 7.1). Enzyme preparation. For the treatment of cells with an enzyme mixture (see below), the following enzyme solution was employed: lysozyme (crystalline; Tokyo Chemical Industry Co., Tokyo, Japan), 2.5 mg/ml; lipase (Tokyo Chemical Industry Co.), 500 ,ug/ml; and deoxyribonuclease (DN-25; Sigma Chemical Co., St. Louis, Mo.), 200 ,ug/ml, dissolved in 5 mm tris-(hydroxymethyl)aminomethane (Tris)-5 mm Mg++ buffer (pH 7.6).
RESULTS
Distribution of chromosomes in spores. The cytological studies of Young and Fitz-James (19) showed that only one of two chromosomes in the vegetative cell of B. cereus is enclosed in the endospore. This was confirmed also in the course of sporulation in the replacement culture by examining the Giemsa-stained specimen of B. cereus 2. The observation of Hodson and Beck (9) that the amount of DNA contained in the endospore is half that of the vegetative cell was also confirmed in the present system. Culture samples taken at the time of commencement of sporulation (containing vegetative cells only), and 7 hr later (containing 90% spores), were subjected to fractionation and estimation of DNA. Before the fractionation, vegetative cells and ghosts contained in the latter culture sample were removed by digestion with a lysozyme-lipasedeoxyribonuclease mixture to obtain a spore sample freed from the vegetative cell DNA. The amount of DNA contained in the spore was half that in the vegetative cells (Table 1) . It should be mentioned that DNA content per culture did not increase appreciably during the course of the replacement culture. From these observations, it may safely be concluded that, during sporulation, one of two chromosomes in the vegetative cell is enclosed in the endospore and the other is discarded into the medium as the result of the liberation of the free spore by autolysis of the host cell. In the following experiments, the possibility of selective distribution of these chromosomes to spores was examined. Prior to the examination, methods of labeling DNA with thymine-14C and of obtaining the spore fraction freed from the contaminating DNA were established.
Specific labeling of DNA with thymine-14C. Boyce and Setlow (1) reported that deoxyadenosine stimulates the incorporation of exogenous thymidine or thymine into DNA of Escherichia coli strains not requiring thymine. This was also demonstrated in the prototrophic strain of B. cereus. In the presence of deoxyadenosine, thymine-'4C was incorporated exponentially into the cold acid-insoluble fraction during the course of growth, whereas in its absence no incorporation occurred (Fig. 1) . In the former, 99% of the radioactivity appeared in the DNA fraction when fractionated by the Schmidt-Thannhauser-Schneider procedure (18) . Vegetative cells labeled with thymine-'4C were incubated at 37 C in a mixture of these enzymes, and samples were taken at intervals. These samples were centrifuged and washed once with water; the radioactivity of the precipitate and that of the combined supematant fluids was measured.
The vegetative cells were attacked by these enzymes, and DNA was hydrolyzed very rapidly (Fig. 2) . After 2 hr of incubation, the hydrolysis of DNA was virtually complete.
For the present purpose, such enzyme treatment is applied to a cell population composed of spores and a minor fraction of vegetative cells and ghosts. Therefore, the effect of such enzyme treatment on the intactness of spores was investigated. Clean spores were incubated at 37 C for 3 hr with and without the enzyme mixture. characteristics (Fig. 3) indicates that changes in optical density and in stainability with Loffler's alkaline methylene blue were about the same whether or not the spores were treated with the enzymes; similar effects were described by Gould and Hitchins (6) , who treated B. subtilis spores with trypsin, pepsin, lysozyme, and other enzymes.
In the following experiments, the enzyme treatment for 3 hr at 37 C was employed for the hydrolysis of DNA not contained in spores.
Incorporation of prelabeled DNA into spores formed in the replacement culture. Log-phase cells grown for at least seven generations in 50 ml of GGGS medium containing thymine-'4C and deoxyadenosine were harvested, washed thoroughly, and cultured by shaking in 50 ml of the cold GGGS medium. For cultivation, a 500-ml Erlenmeyer flask, equipped with a side arm for measurement of optical density of the culture, was used. Culture samples (25 ml) were taken at intervals during the course of cultivation whenever the optical density doubled; at the time of each and untreated with a lysozyme-lipase-deoxyribonuclease mixture. The treated and untreated spores were heatactivated at 65 C for 15 min and cultured in nutrient broth at 37 C. During cultivation, changes in colorimeter reading (at 530 mpu) and percentage of stainable cells were followed sampling, the 25-ml culture remaining in the vessel was diluted with the same amount of the cold GGGS medium (Fig. 4A) . From 15 min , and washed once with distilled water; the precipitate was denoted as the spore fraction. The supernatant fluid and the washing were combined with the medium fraction, and this fraction was denoted as the soluble fraction. Radioactivity in the spore and soluble fractions was measured.
Changes in the total radioactivity (the soluble plus spore fractions) and in the percentage of the total radioactivity retained in the spore fraction are shown in Fig. 4B . It is quite clear that the total radioactivity of DNA decreased exponentially, showing semiconservative replication of DNA. The fraction of radioactivity in the spores remained almost unchanged (40 to 50%7C, of the total) in the successive replacement sporulations. This suggests that about one-half of the DNA present in vegetative cells was distributed in a random fashion to spores in the course of sporulation, without any preferential selection of the younger or older chromosomes.
Incorporation of prelabeled DNA into spores formed in the normal culture. In the preceding experiment, spores were formed in the replacement culture. Since there is a possibility that the mode of sporulation occurring under such a special condition is physiologically different from that occurring under normal conditions, a similar experiment was performed as follows. Log-phase cells, labeled with thymine-'4C for 8 hr, were plated on the cold GGGS agar medium in small petri dishes (40 mm in diameter), with various amounts of inoculum. These plates were incubated at 37 C; after 36 hr, the free spores which formed were harvested by rinsing three times with 0.5 ml of Tris-Mg+ buffer. The cell suspensions thus obtained were subjected to the enzyme treatment, centrifuged, and washed once with distilled water (spore fraction). The supernatant fluid and the washing of the enzymetreated spores were combined with the supernatant liquid of the cell suspension (soluble fraction). The rinsed agar was melted and mixed with the soluble fraction, and then the mixture was transferred to a planchet and dried gradually Fig. 5 . The age index for the mother cell chromosome is taken arbitrarily as 1/1, and the age of each DNA strand increases by one age unit as the cell divides. Therefore, in the first generation, the age of the conserved DNA strand, which serves as a template and forms a double strand with a newly synthesized strand of age 1, becomes 2. The bold letters in Fig As seen in this scheme, the age composition of two chromosomes in each cell might be considered as segregated after two generations. If the older chromosome is enclosed in the endospore and the younger one is liberated into the medium, the percentage of the total radioactivity retained in the spore fraction should follow the pattern shown in scheme 1 (Fig. 5) . On the other hand, if the younger chromosome is enclosed in the endospore, quite a different pattern can be expected (scheme 2).
As a matter of fact, the mode of chromosome segregation may not be as simple as indicated in Fig. 5 (5) demonstrated by the autoradiographic method that radioactive DNA is not distributed at random over the 16 to 32 cells of the chain. They presented a model explaining such a segregated distribution of conserved DNA in progeny cells, basing their model on the surfaceattachment hypothesis (10) . Similar experiments carried out by Ryter and Jacob (15, 16) , employing germinating spores and growing vegetative cells of B. subtilis, gave conflicting results; they found that DNA strands were distributed into daughter cells with equal probability at each division.
A nonselective distribution of DNA molecules in the course of conjugation in E. coli cells was reported by Gross and Caro (7) . Employing tracer techniques, they showed that either one of two DNA strands in the Hfr cell may be transferred into the F-cell without any selection of older or younger strands. This finding is quite similar to the present observations on sporulation.
